A rapid, improved, and ecofriendly synthesis of thiopyrimidines is carried out via one-pot multicomponent reaction of ethylcyanoacetate, substituted benzaldehydes, and thiourea in presence of ethanolic K 2 CO 3 using microwave irradiation heating method. Excellent yields, shorter reaction time, and easy workup are the major advantageous features of this green protocol. So the application of multicomponent reactions involves the combination of multiple starting materials with different functional groups leading to the highly efficient and environmentally friendly construction of multifunctional drug molecules. The structures of the newly synthesized products were assigned on the basis of IR and 1 HNMR spectral data.
Introduction
One-pot multicomponent organic reactions (MCORs) have emerged as an efficient tool for benign synthesis by virtue of their convergence, productivity, facile execution, and generation of highly diverse and complex products from easily available starting materials in a single operation. MCORs are now being tuned for synthesizing various heterocyclic compounds due to their diverse biological activities [1] . The environmental acceptability of the process is improved if the multicomponent strategy is applied under microwave irradiation (MWI) technology [2] . For an organic synthesis, a major adverse effect on the environment is the consumption of energy for heating. To overcome this problem, it is highly desirable to develop suitable methods of heating that use microwave irradiation. So, the synthetic methodologies nowadays should be designed in such a way to use and generate substances that possess little or no toxicity to human health and the environment. Microwave heating provides a valuable tool to perform reactions faster with enhanced product yields with high purity by reducing unwanted formation of byproducts [3] . From an environmental and economic perspective, it is becoming obvious that the traditional methods of performing chemical synthesis are unsustainable and have to be changed. Multicomponent coupling reactions provide a solution since they are more efficient, cost effective, and less wasteful than traditional methods. The achievement of making multiple bonds in a one-pot multicomponent coupling reaction promotes a sustainable synthetic approach to develop new drug molecule in a drug discovery process.
Microwave (MW) irradiation facilitates better thermal management of chemical reactions. The rapid MW heat transfer allows reactions to be carried out very much faster compared to conventional heating methods often resulting in increased product yield [4, 5] . Furthermore, the products of temperature sensitive reactions from kinetic or thermodynamic pathways can be selectively tuned and isolated. The fundamental mechanism of microwave irradiated synthesis involves agitation of polar molecules or ions that oscillate under the effect of an oscillating electric or magnetic field. In the presence of an oscillating field, particles try to orient themselves or be in phase with the field. Only materials that absorb microwave radiation are relevant to microwave synthesis [6, 7] .
These materials can be categorized according to the three main mechanisms of heating such as dipolar polarization, conduction, and interfacial polarization. In the electromagnetic spectrum, the microwave radiation region is located between infrared radiation and radiowaves. Microwaves have wavelengths of 1 mm ± 1 m, which corresponds to the frequencies between 0.3 and 300 GHz [8, 9] . Microwave radiation is introduced into the reaction system remotely without direct physical contact with reaction materials, which can lead to a rapid increase in temperature throughout the sample causing less byproducts formation or decomposition of products. Microwave heating is able to heat the target compounds without heating the entire furnace or oil bath, which saves time and energy. In contrast, conventional heating of organic reactions such as oil baths, sand baths, or heating mantles is rather slow and creates an inward temperature gradient, which may result in localized overheating and reagent decomposition when heated for prolonged periods. In conventional heating method, the wall of reactor is heated by convection or conduction. The microwave-assisted organic synthesis has been classified into various categories such as microwave-assisted reactions using solvents, microwaveassisted reactions under solvent-free conditions, microwaveassisted reactions using solid-liquid phase, and microwaveassisted reactions on mineral supports in dry media [10, 11] .
Since the multicomponent reactions often create the complete and complex molecular products in a single synthetic step, it is more accepted to describe this modern synthetic procedure as microwave multicomponent synthesis (MMS) [12, 13] . The experimental benefits of generating complex structures from the simple starting materials without engaging protection-deprotection protocols and lengthy product purification procedures improve the synthetic approach for medicinal chemist wishing to contribute products to a more scientifically innovative society [14] . The previous facts prompted us to synthesize thiopyrimidines via onepot multicomponent reaction of ethylcyanoacetate, substituted benzaldehydes, and thiourea in presence of ethanolic K 2 CO 3 using microwave irradiation heating method [15] [16] [17] [18] . Generally the one-pot multicomponent synthesis of thiopyrimidines follows the principle of Biginelli reaction protocol [19, 20] .
Experimental Method

Materials.
The melting points were taken in open capillaries and are uncorrected. The purity of the compounds was checked by TLC on precoated silica gel-aluminum plates and visualized by exposure to UV light (254 nm) or iodine vapor. The IR spectra of the compounds were recorded on FT-IR Spectrophotometer, IR Affinity-1 (SHIMADZU), using potassium bromide (KBr) powder and the values are expressed in cm −1 . 1 H-NMR spectra of selected compounds were recorded on multinuclear FT-NMR Spectrometer, Advance-II (Bruker) (at 400 MHz), using tetramethylsilane [Si(CH 3 ) 4 ] as an internal standard. The microwave irradiated synthesis was performed in scientific microwave oven (Catalyst System, Model No-CATA 2R). All the reactions were carried out at power level-2, which corresponds to 210 W. 4(a-g) , which precipitated during the reaction, was poured into cold water and acidified with glacial acetic acid (CH 3 COOH). The precipitate was filtered out, dried, and recrystallized from ethanol (C 2 H 5 OH).
Microwave-assisted Method.
Required quantity of reactants and catalysts as mentioned previously was taken and refluxed under microwave irradiation for 5-10 min at power level-2 (210 W). The completion of reaction was monitored by TLC. The potassium salt of compound 4(a-g), which precipitated during the reaction, was poured into cold water and acidified with glacial acetic acid (CH 3 COOH). The precipitate was filtered out, dried, and recrystallized from ethanol.
Results and Discussion
In the present study, thiopyrimidine derivatives were synthesized by both conventional and microwave techniques. As compared to conventional method, microwave synthesis provides higher yield in lesser reaction time. From the results as summarized in Table 1 , it can be observed that in case of conventional method of heating, the reactants are slowly activated by a conventional external heating source (water bath). Heat is driven into the reacting substances, passing first through the walls of the vessel in order to reach the solvent and the reactants. So, this is a slow method for transferring heat energy into the reaction medium. Hence, for the synthesis of the titled compounds of present work, which takes 4-8 h to complete the reaction. While considering microwave synthesis, microwaves couple directly with the reacting molecules of reaction mixture, leading to a rapid rise in the temperature. Since this process is not limited by the thermal conductivity of the vessel, the result is an instantaneous localized superheating of reacting substances that will respond to either dipole rotation or ionic conduction. Since the ability of a molecule to couple with the microwave radiation is a function of its molecular polarisability (i.e., a function of its dipole moment), only polar molecules interact with microwave energy. As a part of ongoing research of developing environmentally benign synthesis of thiopyrimidine derivatives, we explored a green multicomponent reaction (MCR) protocol using ethanol as solvent. Three component reactions such as the Biginelli reaction with ethylcyanoacetate, substituted benzaldehydes, and thiourea are well-known microwave-induced reactions (MW). Here an attempt was also made to carry out the synthesis of thiopyrimidine by microwave at power level-1 (140 W) but this energy was not sufficient to complete the reaction for getting final product. For the investigation of the optimized reaction condition, it was observed that the synthesis of target compounds by microwave required 5-10 min at power level-2 which corresponds to the energy of 210 W. The photograph of microwave irradiated synthesis of titled compounds was given in Figure 1 . During synthesis, thin layer chromatographic (TLC) study was carried out to monitor the completion of reaction using chloroform : ethyl acetate (60 : 40) as the mobile phase. The retention factor ( ) of the synthesized compounds was in the range of 0.32-0.51. The melting points of the synthesized compounds were also checked and the results were given in Table 2 . All the synthesized compounds are solid, white, crystalline, or amorphous. The photographs of some of the synthesized compounds were given in Figure 2 . Most of the compounds are freely soluble in corresponds to (C-F str.), and (C-Cl str.), (C-Br str.) vibrations respectively. The IR absorption band in the region 1230-1255 cm −1 which corresponds to the C=S str. vibration. The 1 H-NMR spectra showed two singlets in the range 8.00-8.30 ppm due to -NH proton. They also showed the signals at 7.46-7.91 ppm due to aromatic proton (Ar-H).
Conclusion
A new series of thiopyrimidine derivatives was synthesized successfully by both conventional and microwave irradiated methods to compare the reaction time and yield of the compounds. With the help of microwave synthesis, the yield of product increased from 55% up to 85% as compared to conventional synthesis. And also the reaction time is reduced from 4-8 h to 5-10 min. Microwave synthesis reduced the formation of waste and byproduct. This is particularly relevant for high energy heterocyclic reactions. The predominant use of protic solvents leads to quicker, greener, and therefore more environmentally friendlyr reaction. 
